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ABSTRACT
Purpose: To describe a cadaver model and to compare different techniques to correct midline incisional hernia using the 
tension at the musculoaponeurotic layer as a parameter. Methods: Twenty-four male cadavers were used to characterize 
the model. The tensile force applied to the anterior layers of the rectus abdominis muscle was measured after the linea alba 
was resected to create an abdominal wall defect. A dynamometer was used to measure the tensile force necessary to cause 
a 10-mm displacement of the tissues towards the midline. An index that allows comparison of tensile forces from different 
points was calculated by dividing the tensile force by the distance between the point of force application at the aponeurosis 
and the midline. Results: Cadaver is a good model for the study of midline incisional hernia. Conclusion: Cadaver can be 
used effectively as a model to evaluate tension of the abdominal wall when tissue advancement and musculoaponeurotic 
flaps are performed in the repair of midline incisional hernia.
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RESUMO
Objetivo: Este estudo descreve o cadáver como modelo experimental para comparar diferentes técnicas para correção da 
hérnia incisional mediana usando como parâmetro a tensão músculo-aponeurotica. Métodos: Vinte e quatro cadáveres 
adultos masculinos foram usados para caracterizar este modelo. A força de tensão aplicada na lamina anterior do músculo 
reto do abdome foi medida após ressecção da linha alba criando um defeito abdominal. Um dinamômetro foi utilizado para 
medir a força de tensão necessária para ocasionar o deslocamento de 10-mm do tecido até a linha mediana.  Um índice para 
comparar as forças de tensão em diferentes pontos foi calculado dividindo a força de tensão pela distancia entre o ponto 
de aplicação da força na aponeurose e a linha mediana. Resultados: O cadáver é um bom modelo para estudo da hérnia 
incisional mediana. Conclusão: O cadáver pode ser utilizado efetivamente como um modelo para avaliação da tensão da 
parede abdominal quando o avanço de tecidos e retalhos músculo-aponeuroticos são utilizados no reparo de uma hérnia 
incisional mediana.
Descritores: Hérnia Ventral. Músculos Abdominais. Resistência à Tração. Reto do Abdome. Cadaver.
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Introduction
Suture of the abdominal after laparotomies wall is one of 
the most common procedures in surgical practice1,2. The closure 
of the abdominal wall serves to restore preoperative functions3. 
The procedure should be technically simple, have a low rate of 
complications such as wound dehiscence, incisional hernia, or 
fistula formation, and prevent formation of unaesthetic scars4.
Abdominal wound dehiscence is defined as the separation 
of the musculoaponeurotic layers and consequent formation of 
incisional hernia5. One of the major causes of recurrence after 
repair of defects is excessive tension on the suture line6,7, which 
may lead to ischemia of the musculoaponeurotic layers followed by 
dehiscence8. Recently, several techniques have been developed for 
the treatment of incisional hernia using local tissues9-12. However, 
there is no specific model for the study of midline incisional hernia 
in the literature. Therefore, the aim of the present study was to 
describe a cadaver model for the study of techniques for repair of 
midline incisional hernia.
Methods
The study was approved by the Research Ethics Committee 
of the University of the Valley of the Sapucaí (UNIVAS), Brazil. 
Twenty-four male cadavers obtained from the Legal Medicine 
Unit of the 13th Regional Civil Police Station in Minas Gerais, 
Brazil, were used to characterize the model. This anatomical study 
was based on the experimental model for the study of abdominal 
wall tension described by Nahas and Ferreira13. In contrast to that 
model, in the present study, a defect was created in the abdominal 
wall, allowing a detailed examination of how the procedure affects 
the patient. 
Initially, the cadaver was placed in the supine position. 
A xiphoid-to-pubis incision was made through the skin and 
superficial fascia until the linea alba was exposed, and continued 
around both sides of the umbilicus. Next, a standardized supra-
aponeurotic dissection was made; it was limited superiorly by the 
lower costal arch, inferiorly by the inguinal arch, and bilaterally by 
the linea semilunaris. The linea alba was resected along the edges 
in contact with the rectus abdominis muscle (Figure 1). 
FIGURE 1 – Creation of the musculoaponeurotic defect in the cadaver.
Study points were marked on the anterior layer of the 
rectus abdominis muscle at the desired measurement locations, 
without muscle or aponeurosis displacement. Reference points for 
tensile measurements were marked on the anterior aponeurosis. 
In order to demonstrate the scope of the model, reference points 
were placed in the supraumbilical region at 3, 6 and 9 cm above 
the upper edge of the umbilicus, and in the infraumbilical region at 
2, 4, 6, and 8 cm below the lower edge of the umbilicus. Similarly, 
reference points were marked on the posterior aponeurosis; they 
were placed in the supraumbilical region at 3, 6 and 9 cm above 
the upper edge of the umbilicus, and in the infraumbilical region at 
2 and 4 cm below the lower edge of the umbilicus.
A cross stitch was placed at all 14 study points to serve 
as a traction loop. The traction loop was made of 2-0 nylon 
monofilament thread on a needle, and its diameter was standardized 
to 10-mm by placing a 10-mm diameter clamp between the two 
ends of the thread to act as a stop, limiting further tightening of 
the knot. In order to create the traction loop, the needle must only 
penetrate the aponeurotic layer, avoiding the underlying muscle 
tissue. The traction loops were made 10 mm lateral to the resection 
edge of the linea alba (Figure 2).
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FIGURE 2 – Traction loops on the anterior layer of the rectus abdominis 
muscle.
The hook of a mechanical dynamometer (Crown® BR 
dynamometer, Sao Paulo, Brazil) with capacity of 3000 gf was 
inserted into the traction loop. Next, a tensile force was applied in 
the medial direction to the anterior layer of the rectus abdominis 
muscle sheath to cause a 10-mm displacement. The tissue 
displacement was measured using an analog caliper and the tensile 
force necessary to cause the displacement was measured with the 
dynamometer. The dynamometer was held perpendicular to the 
midline (Figure 3) and the tensile force was applied tangentially 
to the aponeurosis. Repeated measurements of tensile force were 
made by two independent observers. If there were differences 
between observers regarding readings, the average measurement 
of the two observers was used.
Dynamometer readings of tensile force were inserted 
into the following equation for the calculation of the traction index 
described by Nahas and Ferreira13-15:
  TI =  F,
                  d
where TI is the traction index (kgf/cm); F is the tensile force (kgf) 
at the study point; and d is the displacement distance (cm). The 
traction index was calculated for a constant displacement distance 
of 1 cm (10 mm).
Traction index values calculated using the equation 
above will be used for the comparison of tensile forces from 
different points and between the anterior and posterior layers of 
the rectus sheath.
     
FIGURE 3 - Measurement of the tensile force.
Results
The cadaver model of midline incisional hernia was 
feasible and provided accurate and reproducible results.
Discussion
The cadaver can be used effectively as a model of 
midline incisional hernia. This model allows the evaluation of 
techniques for reducing aponeurotic tension by using local tissues 
techniques that use aponeurotic incision and undermining or local 
musculoaponeurotic flaps in the repair of midline incisional hernia 
can be evaluated using this model.
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